. Ardea 97(4): 603-608.
INTRODUCTION
There is considerable interest in using an individual animal's level of stress as a marker for the animal's well-being in its natural habitat. The presumption has been that if an animal is not doing well in its environment, be it from natural or manmade factors, the animal will show physiological signs of being under stress. Although many physiological pathways are activated during stress, such as catecholamine release and gluconeogenesis (Sapolsky et al. 2000) , studies of wild freeliving animals have focused primarily on levels of the glucocorticoid hormones (Wingfield & Romero 2001) since glucocorticoids increase during adverse environmental conditions. For example, natural occurrences such as inclement weather (Wingfield et al. 1983 , Smith et al. 1994 and human-induced influences such as habitat destruction (Wasser et al. 1997) and pollution (Hopkins et al. 1997 , Norris et al. 1997 have been shown to increase glucocorticoid levels.
In order to determine whether glucocorticoids are elevated in response to these kinds of stimuli, however, it is important to know the baseline glucocorticoid profile of the species under study. Previous studies of corticosterone (the primary glucocorticoid in birds (Holmes & Phillips 1976) have used a variety of capture techniques with a variety of different species (Wingfield 1994 , Wingfield & Romero 2001 . Different capture techniques, however, can alter the corticosterone titers that are measured (Romero & Romero 2002) . Some nocturnal predators, such as Long-eared Owls Asio otus, are often captured by flushing birds from their daytime roosts or nests into pre-erected mist nets. The primary goal of this study was to determine whether flushing was itself stressful to these birds and whether this capture technique could allow measurement of baseline corticosterone concentrations.
In addition, many avian species modulate corticosterone concentrations seasonally (Romero 2002 April 1999. All trapping occurred during the day (between 9:00 and 17:00) while birds were either using daytime roosts or while females were brooding chicks on their nests. Both laboratory (Breuner et al. 1999 , Joseph & Meier 1973 , Rich & Romero 2001 , Romero & Remage-Healey 2000 and field studies (e.g. Wingfield et al. 1992 indicate that baseline corticosterone concentrations are uniformly low throughout the day, although this has never been verified in a nocturnal avian species. However, one laboratory study of the Western Screech Owl (Megascops kennicottii) suggested that baseline samples are similar during day and night (Dufty & Belthoff 1997) . Communal winter roosts (of generally 4-10 owls) and nests were in isolated stands of predominantly native or in man-made shelterbelts and deciduous thickets. Wintering birds did not always remain in the same area to breed (Holt 1997 ), so we could not capture the same owls in two different seasons. During the winter, we erected 10 cm mesh mist nets of various lengths along natural flight corridors within a roosting area. We then flushed the owls from their roosts towards the nets. If the owls missed the nets, they would generally drop into a new roost within the same tree stand. After processing the captured birds (which took 10-20 min), we flushed the remaining birds a second time, but the time from flush to capture was always recorded from the initial flush at each site. Flushing continued every 10-20 min until the owls were either captured or until 60 min had elapsed from the first time the bird was flushed (one bird flew into the net after 60 min while we were removing the net). The owls were not continuously flushed for 60 min. For all birds, we initiated timing from when the bird initially began to move, although birds could potentially have initiated a stress response earlier when we first entered the roost area. Sexes were distinguished by plumage characteristics and confirmed through markrecapture techniques (DWH unpubl. data, and DWH in Marks et al. 1994: 2) .
During breeding, females were captured by flushing them from the nest into a mist net. If females missed the net, we would try to lure them back to the nest by remaining at the nest and hoping their nest defence behaviour drew them into a net. Although this could be stressful (Silverin 1998) , this trapping technique has not caused any nest abandonment or reduced fledging success in 22 yrs of study (DWH unpubl. data) . Breeding males were captured by flushing them from their daytime roosts and by erecting mist nets around the nest and inducing them to initiate nest-defense -similar to females.
Blood samples
Blood samples were taken from all birds as soon as possible from the time they were captured in the net, with the majority sampled within 2-3 min of capture. Birds were then held in the hand for 30 min, representing a 30 min period of restraint, which is known to induce stress and stimulate corticosterone release (Wingfield & Romero 2001) . During this period birds were weighed, measured, sexed, and banded. At the end of the restraint period (i.e. 30 min post-capture) birds were bled a second time to measure stress-induced corticosterone levels. All birds were captured only once during the study.
All blood samples were collected by puncturing the brachial vein with a sterile 18 gauge hypodermic needle. Upwelling blood was collected in microhematocrit tubes and stored on ice. Cotton stanched blood flow between bleeds. Blood samples were centrifuged at approximately 400 g to separate plasma from red blood cells within 12 hours of collection. The plasma was then removed, stored frozen, and transferred to Tufts University for analysis.
Sample analysis
Plasma samples were analyzed for corticosterone using a radioimmunoassay as described by Wingfield et al. (1992) . Briefly, samples were equilibrated with a small amount of tritiated corticosterone to monitor the recovery and corticosterone was extracted using dichloromethane. A known amount of tritiated corticosterone and corticosterone antibody were added to each sample and corticosterone concentrations were determined from the bound/unbound ratio in comparison to a standard curve. Samples from both years were mixed and run in two assays, with inter-and intra-assay variations of 12% and 8%, respectively.
Statistics
Only birds from whom the initial blood sample was taken within 3 min of capture, and again after 30 min post-restraint, were included in these analyses. Differences in corticosterone levels between males and females, between winter and breeding seasons, and over the course of the 30 min restraint period were analyzed by repeated measures ANOVA after testing for heteroscedasticity. Correlations between corticosterone levels and both time after flushing and time after capture were determined using linear regression. Alpha levels were considered significant at P <0.05.
RESULTS

Capture techniques
There were no sex differences in either initial or restraint-stress-induced concentrations in the winter (F 1,22 = 0.15, P = 0.70) for 16 males (initial concentrations of 7.5 ± 0.9 and concentrations after 30 min of restraint of 41.7 ± 4.5) and 8 females (initial concentrations of 7.1 ± 1.0 and concentrations after 30 min of restraint of 39.1 ± 7.8). In addition, there were no sex differences during breeding (F 1,25 = 0.89, P = 0.36) for 16 males (initial concentrations of 14.6 ± 1.1 and concentrations after 30 min of restraint of 41.7 ± 2.7) and 11 females (initial concentrations of 20.4 ± 3.5 and concentrations after 30 min of restraint of 42.8 ± 4.9). Furthermore, there was no interaction between sex and the time course of corticosterone release at either season (F 1,22 = 0.06, P = 0.8 for winter birds, and F 1,25 = 1.0, P = 0.32 for breeding birds). Because male and female corticosterone levels did not differ, nor did sex interact with the increase in corticosterone after restraint, the sexes were combined in all further analyses. Furthermore, corticosterone concentrations were not correlated with body mass (data not presented), so body mass was ignored.
The elapsed time after capture before taking the first blood sample had a significant effect on initial corticosterone levels during the winter (Fig. 1) . Corticosterone levels increased the longer it took to complete the first bleed (F = 34.4, P < 0.0001, R 2 = 0.53, n = 33). However, when the analysis was restricted to only those birds bled within 3 min of capture, there was no significant increase (F = 2.52, P = 0.13, R 2 = 0.11, n = 24). During breeding, all but 2 birds were bled within 3 min of capture and there was no significant increase in corticosterone levels with elapsed time ( Fig. 1 ; F = 0.35, P = 0.56, R 2 = 0.012, n = 30).
We recorded the time from flushing to capture for 38 birds (all bled within 3 min of capture) over both seasons (Fig. 2) . There was no relationship between time after flushing and corticosterone levels during the initial bleed (F = 0.27, P = 0.60, R 2 = 0.008, n = 38). Furthermore, all baseline samples collected 20-70 min after flushing were lower than corticosterone concentrations after 30 min of restraint (see Fig. 3 ).
Corticosterone in different seasons
Since samples collected under 3 min did not differ significantly (see above), these baseline samples were grouped together for statistical purposes. Long-eared Owls dramatically elevate corticosterone concentrations (Fig. 3) over the course of a 30 min period of handling and restraint during both seasons (for overall effect of bleeding time, F 1,49 = 164, P <0.0001, n = 24 and 27 for winter and breeding, respectively). Indeed, corticosterone levels increased almost 3-fold for the breeding season and almost 6-fold for the winter season (Fig. 3) . All samples from birds whose initial bleed was taken more than 3 min post capture were removed from the analysis in order to calculate a repeated measures ANOVA.
Long-eared Owls also showed a significant seasonal difference in their initial corticosterone levels (Fig. 3) . Samples taken within 3 min of capture were over twice as high during breeding than they were during the winter (for overall effect of season, F 1,49 = 4.57, P < 0.04). However, there was no difference between stressinduced corticosterone levels at 30 min (for interaction between season and bleeding time, F 1,49 = 3.32, P = 0.75).
DISCUSSION
Long-eared Owls showed no sex differences in either initial (samples taken within 3 min of capture) or restraint-stress-induced corticosterone concentrations. This parallels data from many passerine species , Astheimer et al. 1995 , Romero et al. 1997 ), but other species have shown distinct sex differences, especially during breeding (e.g. Wingfield et al. 1992 , Schoech et al. 1999 , O'Reilly & Wingfield 2001 . Few studies have measured corticosterone concentrations in free-living raptors, and to our knowledge, this is the first report of plasma corticosterone concentrations in an adult owl. Furthermore, Dufty & Belthoff (1997) , did not see a sex difference in captive juvenile Western Screech Owls. Although it is unknown why such a large variation existed in our initial corticosterone concentrations, all owls were roosting and undisturbed prior to flushing, making it unlikely that birds were stressed prior to our arrival.
It does not appear that simply flushing Long-eared Owls from daytime roosts results in elevated corticosterone (Fig. 2) . Owls captured approximately 30 min after the initial flush did not have elevated corticosterone levels when bled within 3 min. Animals other than humans may also disturb the owls' daytime roosting, and owls may simply move without becoming stressed. Our data support this hypothesis. Other studies have shown that activities that humans might perceive as stressful are not necessarily perceived that way by the animal (Silverin 1998) .
On the other hand, corticosterone in Long-eared Owls is clearly sensitive to capture, handling, and restraint (Fig. 3) American Kestrels Falco sparverius (Rehder et al. 1986 ). Although we lack a theoretical understanding of seasonal changes in corticosterone concentrations (Romero 2002 ), Long-eared Owls apparently seasonally modulate initial corticosterone levels as do many passerines. However, Long-eared Owls do not seasonally modulate stress-induced corticosterone concentrations. Regardless of season, 30 min of handling and restraint stimulated corticosterone concentrations to similar levels. This contrasts with data from other species, where the stress-induced corticosterone concentrations also varied seasonally (e.g. Wingfield et al. 1992 , Romero et al. 1997 .
In conclusion, these data indicate that corticosterone concentrations can be monitored in Long-eared Owls. Encouragingly, whereas capture and handling clearly elicit a corticosterone response, the data suggest that flushing birds does not, which should be important for management considerations. Finally, it is clear that in order to use corticosterone concentrations as a longterm background measure for assessing the health of Long-eared Owls, as well as other species, account must be taken of the natural seasonal variation of corticosterone levels in free ranging wild animals. 
